Abstract It is considered, how to place some amount of matter into the cosmological singularity and to encode its state. Two different approaches are suggested, which give the same result. The expression for the spectral energy density of the scalar particles, which is initially encoded at the singularity, is deduced. An informational aspect of the problem is discussed.
inflation [9] [10] [11] as the ingredient of the cosmological theory. As a result, the matter appears from the inflaton field decay, which occurs when it began to oscillate at the end of inflation [12, 13] . However, the inflaton field cannot be associated with the known fields of the Standard Model of particle physics. Moreover, in the context of the information, inflation erases all the previous information and generate a spectrum of the initial inhomogeneities from vacuum fluctuations of the quantum fields. At the same time, despite the "letter of 33th" [14] on the defense of the inflation (after publication this letter has been sighed several hundred of astrophysicists additionally), the theories without inflation are also discussed. For these theories, one needs another explanation for matter origin in the universe. As was shown earlier [8] , some finite quantities exist at the singularity, namely, the momentums of the dynamical variables despite the infiniteness of the dynamical variables itself. For instance, amplitudes of the scalar fields are infinite at the singularity, but their momentums are finite. In the quantum picture, finiteness of momentums allows building a wave packet at the singularity and setting an initial condition for the universe evolution. It was demonstrated at the example of the Gowdy model considered in the quasi-Heisenberg picture [8] . Here, in the first section, we consider a toy minisuperspace model where scale factor evolution is uncoupled from the universe stuffing. From the other hand, in the second section, we use the familiar approach of the quantum fields on the classical background. It will be shown, that both approaches give the same results. Finally, we discuss the information context of the Universe initial state.
Quasi-Heisenberg picture for matter appearance
It was found earlier, that the initial conditions for the Gowdy cosmological model could be set at the singularity per se [8] . However, it is most interesting to study three-dimensional quantum cosmology models that are a difficult challenge. Let us consider here a heuristic three-dimensional model in line with the Gowdy one [8] . The interval for an isotropic, uniform and a flat universe is
whereγ ij = diag{1, 1, 1} is the Euclidian 3-metric. Scalar field φ(η, r) on this background can be expanded into the Fourier series φ(η, r) = k φ k (η)e ikr . Neglecting the quantum field backreaction to the universe expansion, the following heuristic Hamiltonian could be proposed
where f (a) is some arbitrary function of the scale factor, π k is the momentums corresponding to φ k . Let us consider Eq. (2) not only as a Hamiltonian, but simultaneously as a constraint H = 0.
As one can see, the Hamiltonian (2) contains momentum p a corresponding to the universe scale factor a, as it occurs in the typical minisuperspace models, however in the first degree like the Gowdy model [8] . Note, that the Hamiltonian is purely heuristic to obtain an analytical solution. The Hamilton equations result in the equation of motion for the scale factor
The scale factor is always purely classical and given by the solution of Eq.
so that a(0) = a 0 . For instance, f (a) = const = H gives
where a 0 is the initial value of the scale factor at η = 0. Namely this particular case corresponding to the radiation domination universe will be considered below for illustration. Let us remind the quantization scheme in the quasi-Heisenberg picture exposed in [8] . It consists in the quantization of the classical equations of motion, i.e., one should write "hats" under every quantity in the equations of motion. Then one should define the commutation relations for the operators, chose the operator ordering in the equations, and finally define the Hilbert space, where the operators acts. The equations of motion for the scalar field is written as
The resulting equation of motion originates form (6):
To quantize the equations of motion, the commutation relations of the operators in the initial moment of time are to be defined. In the simplest case considered, an explicit solution of the operator equations of motion could be written.
The solution of Eq. (7) is convenient to write through the functions u k satisfying Eq. (7) and
It takes the form
where the operatorsP k andΦ k do not depend on time and satisfy the commutation relations [P k ,Φ q ] = −iδ k,q . They are the initial values of the oper-
Momentum p a is expressed from the constraint H = 0 aŝ
where it is taken into account thatφ −k =φ + k . According to the quasi-Heisenberg scheme, the next step is building of the Hilbert space where the quasi-Heisenberg operators act. This can be done with the help of the Wheeler-DeWitt equation in the vicinity of the small scale factors a ∼ a 0 ∼ 0, which in the momentum representation looks as
where only half-space of the wave vectors q is used and condition q z > 0 to avoid a double counting originating from
where Θ k is an arbitrary real constant arising as result of integration and C({P k }) is the momentum wave packet defining the quantum state of the model and containing all the information about it. Calculation of the mean values [8] includes integration over DP k , DP * k on the hypersurface a = a 0 and proceeding the limit a 0 → 0:
where
is implied and DP q ≡ dP k1 dP k2 ....
In particular, calculation of the mean valueφ k (η) leads to
where the indefinite integral is defined as I(a) = 1 a 2 f (a) da. It should be noted that, generally, the quasi-Heisenberg quantization scheme holds also in a more general case, when the background geometry is quantum [5] [6] [7] .
Before the concrete calculations, let us consider the problem from another point of view.
Another viewpoint: quantum fields on the classical background
The main idea of the previous section was that the field momentums remain finite at the singularity and this allows setting the momentum wave packet defining the evolution of the system. However, for the non-quantum background, this idea could also be realized in the frame of the conventional approach of the quantum fields on the classical background. In contrast with the heuristic model of the previous section, the consideration below is wellestablished. The time-dependent background, which is singular at η = 0, is considered, i.e., a 0 equals zero initially in comparison with the previous section, where a 0 → 0 under calculation of the mean values (13) . Scalar quantum field can be expanded in terms of the creation and annihilation operatorŝ
where functions u k satisfy (7) and (8) . Let us show that momentum
is finite quantity at η = 0. In the vicinity of singularity, the function u k (η) satisfies asymptotically Eq. (7) without the last term. This equation can be converted into the form
From Eqs. (16) and (17) one may conclude that the momentumsπ k are asymptotically some constant operators in the vicinity of singularity. The assumption, that the kinetic term is dominant in the vicinity of singularity, is valid, e.g., for dependencies a(η) ∼ η n . In particular, these dependencies include a(η) ∼ η (radiation background) and a(η) ∼ η 2 (matter background). Creationâ + k and annihilationâ k operators are very convenient instruments for the description of the quantum fields at the late times, when the field oscillators oscillate and the term k it is more convenient to describe fields in terms of the eigen functions of the operatorsπ k (0) =P k . Let us define a time-independent operator
where the complex-valued constants are α k = a 2 (η)u ′ k (η) η→0 , and introduce an additional constant operator
where b k is some real constant, which must be defined. The requirements of the fulfilment of the commutation relations
with the taking into account of [â k ,â 
Then, the creation and annihilation operators can be expressed with the help of Eqs. (18), (19) 
Substitution (22) into (15) allows writing the field operator in the terms of operatorsP k ,X k :
Now one may calculate the mean value of theφ k (η) over a wave packet
As one could see, this formula is analogous to Eq. (14). Considering the functions u k (η) in (24) as a limit a 0 → 0 of the functions u(η, a 0 ) in (14), one may conclude that these formulas coincide exactly if the constants Θ k are defined as
where we conventionally define the functions u k (η, a 0 ) in such a way that α k /|α k | = i. Let's come to a concrete example of (5), where I(a 0 ) = − 1 Ha0 and the functions are
that is in the limit of a 0 → 0
and (25) gives Θ k = 0. Further calculations show that two formalisms are fully equivalent not only for the mean value ofφ k (η), but for other operators mean values, too.
Energy density spectrum of the created particles
Although at the singularity η ∼ 0, field oscillators do not oscillate, the information about matter is encoded at the singularity, and later the particle density becomes well-defined when the notion of "particle" takes shape.
Let us consider wave packet of the Gaussian shape
where N is a normalizing constant and function ∆ q has real and complex parts
The quantities ∆ ′ q should be positive to provide divergence of the integrals.
The mean energy density of the created scalar particles can be defined as
and the vacuum energy densitỹ
is subtracted. As one can see from Eq. (30), the mean energy density consists of the sum over every wave mode, and the quantity ℘ k can be considered as the spectral energy density of the created particles. By turning from summation to integration, one comes tō
for the value ofρ if℘ k dos not depend on the direction of k. Further calculation with the help of Eqs. (9), (12), (13) gives the same result as that using (23), namely
At late times η → ∞, the oscillations decay and
This quantity turns to zero at
, when no particles appear asymptotically, i.e. it is prototype of a vacuum state. Let us consider some numerical example and take
where Ω and L are some constants. Particle number spectral density for this illustrative example is shown in Fig. 1 . Number of the created particles increases with the increasing of Ω as it is shown in Fig. 1 . The spectral density, as can be seen, is not always positive at the early time, because the notion of "particle" is not well-defined yet, but this quantity becomes positive later.
Informational content of a singularity
When we say about "Everything" we suggest that only one single "Everything" exists, and it is a single universe in a single quantum state. However, here we will consider information rather classically using the formula by KullbackLeibler [21] comparing two probability distributions of a random variable in the information theory. One could calculate mean value of the spectral energy density℘ k (34) of the created particles and, from the other hand, use the vacuum value (see (29), (31) and (32))℘ k for the normalization. Thus, the formula for the information density takes the form
It should be compared with the density of created particles
In particular, the information I/n per one created particle could be calculated. 
Substitution of the values (35) into (34) results in
Using (38) and the asymptotic vacuum value of a 4℘ k ≈ k/2 (see Eq. (31)) gives the particle density and the information density in a final form
Roughly, the particle density is of the order ofn ∼ Ω a 4 L 3 , whereas the information density is I ∼ Ω ln Ω a 4 L 3 . In the example considered, an informational content per created particle increases only logarithmically with Ω as it is shown in Fig. 2 . Although, the density of the particles could be increased by decreasing L, this does not increase information content per one particle.
Here we consider only some simple class of the quantum states and very simple definition of the information. In principle, other definitions of information are of interest. Let us suggest to Reader the information formula accounting for quantum states explicitly:
whereC({P q }) is the wave packet (28) with (42) Calculation along with the definition (41) seems more complicated and we leaf them to next time.
Conclusions
We demonstrated that the momentum wave packet could be well-defined at the cosmological singularity so that: 1) some amount of matter could be "placed" at the singularity, and, thereby, 2) some information could be encoded into it. It is not a creation of the particles from vacuum [16] [17] [18] [19] , because a vacuum does not exist before the field oscillators begin to oscillate. Creation of particles from the vacuum is widely considered at 1960th. However, the amount of matter occurs to be very low for the power law expansion including the linear expansion in cosmic time [20] . From the other hand, a vacuum could be defined only after the moment when the field oscillators begin to oscillate, that is relatively far from the singularity. In contrast, in the approach considered it seems evident that one could place any amount of matter and information into the singularity.
It is interesting to investigate the informational aspect in the loop quantum gravity [4] , where the quantum bounce excludes the singularities, and there is no special storage for the information.
We have considered an illustrative example with the simple formulas. However, it could be a prototype of how really information about Everything could be stored at the singularity.
